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57 ABSTRACT 
A layer-type trioctahedral, clay-like mineral having 
the empirical formula 

MgO : sSiO, : aal.O. : baB : xHO 
wherein the layer-lattice structure is composed of said 
silica, said alumina, said magnesia, said A and said B, 
and wherein 

s is from 0.66 to 1.33, preferably 1.0 s ss 1.33, 
a is 0 <a s 0.33, preferably 0.01 s as 0.166, 
b is 0 <b s 0.33, preferably 0.01 s bs 0.166, 
A is one equivalent of an exchangeable cation 

having a valence of 3 or less and is external to the 
layers of the framework or at the edges or 
between successive layers of the structure, 

B is chosen from the group of negative ions 
consisting of F, OH, 4O and mixtures 
thereof, and is internal or at the edges and 
surfaces of the layers of the framework structure, 
and 

x is from 2 to 3.5 at 50% relative humidity, 
said mineral being characterized by a door spacing at 
said humidity within the range which extends from a 
lower limit of about 10 Angstroms to an upper limit of 
about 15 Angstroms when A is monovalent and an 
upper limit of 18 Angstroms when A is divalent or tri 
valent, with intermediate values possible when A is a 
mixture of monovalent, divalent and trivalent cations, 
and a dos spacing at said humidity in the range of from 
1.5335 to 1.5176 Angstroms, preferably 1.5267 to 
1.5244 Angstroms, by x-ray diffraction analysis. 
The mineral is useful in catalytic cracking processes 
and may be used as one component of a 
hydroconversion catalyst. 

11 Claims, No Drawings 
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LAYERED CLAY MINERALS, CATALYSTS, AND 
PROCESSES FOR USING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention is directed to a layer-type, trioctahe 

dral, clay-like mineral containing magnesia as a compo 
nent thereof (sometimes hereinafter referred to as 
LTCM). 
Amorphous cracking catalysts containing magnesia 

have long been known. They have highly desirable 
properties, such as high liquid yields and good Colefin 
yields. However, they also have attendant problems 
which have severely limited their commercial use. They 
have only marginal thermal sintering stability, poor 
regenerability, and small pore size. 
This invention then is directed to a layered crystalline 

aluminosilicate mineral containing magnesia within de 
fined limits relative to the alumina and silica and which 
retains desirable features of the amorphous magnesium 
oxide cracking catalysts, while incorporating the mag 
nesia in a clay-like structure. 

Additionally, hydroconversion catalysts having as 
one component of the catalyst the layered mineral of 
the present invention also form a part of this invention, 
together with a hydroconversion process using said hy 
droconversion catalysts. 

2. Description of the Prior Art 
Considerable research has been directed in recent 

years to the synthesis of clay minerals. 
For example, U.S. Pat. No. 3,252,757 discloses syn 

thetic silicate minerals of the layered type having the 
empirical formula 

nSiO, AlO3 mAB : HO 
where the layer lattices comprise said silica, said alu 
mina, and said B, and where 
n is from 2.4 to 3.0, 
n is from 0.2 to 0.6, 
A is an exchangeable cation such as H", NH, Na", 

Lit, K*, 4Cat", A.Mg", /2Sr**, and %Ba", and is ex 
ternal to the lattice, 
B is chosen from the group of negative ions which 

consists of F, OH, 200 and mixtures thereof, and 
is internal in the lattice, and 

y is from 2.0 to 3.5 at 50% relative humidity, this 
component representing total water, interlamellar plus 
structural, as determined by ignition loss at 1000°C., 
said mineral being characterized by a door spacing of at 
least 10.4 Angstroms but not more than 14.7 Ang 
stroms, determined at 50% relative humidity. 

U.S. Pat. Nos. 3,252,757 and 3,252,889 are both 
concerned with layered crystalline structures of the di 
octahedral type. 

U.S. Pat. No. 3,252,889 discloses synthetic silicate 
minerals of mixed layered crystal structure with ran 
domly alternating layers of montmorillonite-like and 
mica-like clay mineral, having the empirical formula 

nSiO, : AlO. : mAB : xHO 
where the layer lattices comprise said silica (SiO2), said 
alumina (AlO4), and said B, and where 
n is from 2.4 to 3.0, 
m is from 0.2 to 0.6, 
A is one equivalent of an exchangeable cation se 

lected from the group consisting of hydrogen, ammo 
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nium, alkali metal and alkaline earth metal ions and 
mixtures thereof, and is external to the lattice, 
B is one equivalent of an anion chosen from the 

group which consists of fluoride, hydroxyl and oxygen 
ions and mixtures thereof, and is internal in the lattice, 
and 

x is from 2.0 to 3.5 at 50% relative humidity, this 
component representing total water, interlamellar plus 
structural, as determined by ignition loss at 1000°C., 
said mineral being further characterized by a doo spac 
ing of at least 10.4 Angstrom units but not more than 
14.7 Angstrom units, determined at 50% relative hu 
midity. 

U.S. Pat, No. 3,586,478 discloses a method for pro 
ducing synthetic swelling clays of the hectorite type by 
forming an aqueous slurry from a water-soluble magne 
sium salt, sodium silicate, sodium carbonate or sodium 
hydroxide, and material delivering lithium and fluoride 
ions to the slurry. This aqueous slurry is hydrothermally 
treated to crystallize the synthetic mineral-like clay. A 
clay-like mineral is stated to be provided by the inven 
tion, having the structural formula: 

(Sig Mge-Lir.O20 OH JF) (-)-(rin)Mn(+) 
in which x is between zero and six, y is from 1 up to but 
excluding 4, M is a cation. Suitably y is at least 1.5. 

U.S. Pat. No. 3,666,407 teaches a process for pro 
ducing synthetic hectorite clays having rheological 
properties similar to those of natural hectorite, which 
has the formula 

wherein F may replace some of the OH substituent. 
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U.S. Pat. No. 3,671, 190 teaches a process for prepar 
ing a synthetic clay-like mineral of the smectite type, 
having the general structural formula 

and having M as a sodium, a lithium or an equivalent 
of an organic cation. 
Amorphous catalysts containing magnesia are well 

known. Exemplary prior art includes U.S. Pat. Nos. 
2,988,521, 2,447,181 and 2,532,525. 

SUMMARY OF THE INVENTION 

The present invention is directed to a layer-type, tri 
octahedral, clay-like mineral (LTCM) having the em 
pirical formula 

MgO sSiO, aAl2O3 : bAB : xHO 
wherein the layer-lattice structure is composed of said 
silica, said alumina, said magnesia, said A and said B, 
and wherein 
s is from 0.666 to 1.33, preferably 1.0 s s s 1.33*, 

a is from 0 <as 0.333, preferably 0.01 s 
0.166*, 

b is from 0 <b s 0.333, preferably 0.01 
01166*, 

A is one equivalent of an exchangeable cation having 
a valence of 3 or less and is external to the layers 
of the framework or at the edges or between suc 
cessive layers of the structure, 

B is chosen from the group of negative ions consisting 
of F, OH, /2OT and mixtures thereof, and is in 
ternal or at the edges and surfaces of the layers of 
the framework structure, and 

S a 
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x is from 2 to 3.5 at 50% relative humidity, 
said mineral being characterized by a doo spacing at 
said humidity within the range which extends from a 
lower limit of about 10 Angstroms to an upper limit of 
about 15 Angstroms, when A is monovalent and an 
upper limit of 18 Angstroms when A is divalent or tri 
valent, with intermediate values possible when A is a 
mixture of monovalent, divalent and trivalent cations, 
and a dog spacing at said humidity in the range of from 
1.5335 to 1.5176 angstroms, preferably 1.5267 to 
1.5244 angstroms, by x-ray diffraction analysis. 
( * expressed as molar ratios) 
Also encompassed in the present invention is a pre 

cursor composition from which the clay-like mineral 
described above can be prepared, comprising: 

1. water; 
2. silica, alumina and magnesia; and 
3. a cation such as ammonium, sodium, potassium, 

magnesium, barium, strontium, aluminum, or any mon 
ovalent, divalent or trivalent cation, together with an 
anion such as hydroxyl, fluoride, acetate or chloride. 
Also included within the present invention are hydro 

conversion catalysts encompassing the clay-like min 
eral having the empirical formula set forth above which 
has been combined with one or more catalytically ac 
tive metals or compounds thereof. Particularly useful 
metal components are metals or oxides, sulfides, chlo 
rides, or the like, of Group VI-B and Group VIII metals, 
particularly platinum, palladium, cobalt, nickel, molyb 
denum, and tungsten. 
A hydroconversion process using the hydroconver 

sion catalyst described above also forms part of this in 
vention. 

Additionally, a catalytic cracking catalyst comprising 
the dehydrated form of LTCM, either alone or in com 
bination with other cracking catalyst components such 
as zeolitic components and/or amorphous silica 
alumina, etc., forms a part of this invention. 
A catalytic cracking process using the catalytic 

cracking catalyst described above is also encompassed 
within this invention. 

DETAILED DESCRIPTION OF THE INVENTION, 
INCLUDING PREFERRED EMBODIMENTS 

The present invention is directed to a layer-type, tri 
octahedral, clay-like mineral (LTCM) having the em 
pirical formula 

MgO: sSiO, a AlOa i bAB : xHO 
wherein the nomenclature and proportions are as de 
fined above under "Summary of the Invention.' 
Also encompassed in the present invention are pre 

cursor compositions (all parts by weight) from which 
the clay-like mineral described above can be prepared, 
comprising: 

i. from about 70 to about 95% water, based on (1) 
and (2), 

2. from about 30 to about 5% (combined weight per 
cent) of silica, alumina and magnesia, based on (l) and 
(2), such that the respective molar ratios of the silica 
and alumina with regard to the magnesia are 
0.666 s is is 1.33 
0 <a is 0.33 
(That is, there are 0.666 to 1.33 moles of silica per 
mole of magnesia, and 0 to 0.33 moles of alumina 
per mole of magnesia.) and 
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3. a cation such as ammonium, sodium, potassium, 

magnesium, barium, strontium, aluminum, or any mon 
ovalent, divalent or trivalent cation, together with an 
anion such as hydroxyl, fluoride, acetate or chloride, in 
sufficient quantity that the pH of the mixture is in the 
range of from 7.0 to about 10.5. 
Also forming part of the present invention are hydro 

conversion catalysts containing LTCM and at least one 
additional catalytically active metal, either in the me 
tallic state or in the oxide, sulfide, chloride, etc., state. 

LTCM is also useful as such as a catalytic cracking 
catalyst, or may be combined with other components 
such as a siliceous gel, zeolites, and the like, to form a 
composite catalyst for catalytic cracking. 
Method of Preparation 
LTCM is preferably prepared by hydrothermal crys 

tallization from aqueous slurries of a mixture of hy 
drous silica, hydrous alumina, hydrous magnesia and 
fluoride of appropriate composition. After formation of 
the aqueous slurry, it is preferably blended until homo 
geneous and then aged. The pH is adjusted to the de 
sired range of from about 7.0 to about 10.5, preferably 
9.0 to 10.5, and the slurry is then heated to a tempera 
ture of from 550° to 700°F., preferably 590° to 650°F., 
preferably under autogenous pressure and preferably 
with stirring, for a period of time of from about one 
half hour to about 4 hours, preferably from about 
three-quarters hour to about 2 hours. Increased hydro 
thermal treatment times result in products having re 
duced surface area and, consequently, reduced cata 
lytic activity. 
After the hydrothermal crystallization is completed, 

the resulting slurry is allowed to cool and is then dried, 
preferably under vacuum. After drying is completed, 
the product is then ground to the desired size. 
Hydroconversion Catalysts 
When the layered mineral (LTCM) of the present in 

vention is used as one component of a hydroconversion 
catalyst, the catalysts containing the LTCM can be of 
widely varying composition. At least one catalytically 
active metal or stable inorganic compound thereof is 
combined with LTCM, LTCM becomes dehydrated 
during drying and calcination of the catalyst composite. 
Alternatively, LTCM can be dehydrated prior to com 
positing with the other component(s) of the hydrocon 
version catalyst. LTCM and the catalytically active 
metal or stable inorganic compound thereof may form 
part of a matrix comprised of a siliceous gel, may be 
combined with zeolitic components, and the like. Pref. 
erably when the catalyst includes a matrix comprising 
a siliceous gel such as a silica-alumina gel, it will be fur 
ther characterized by an average pore diameter below 
100 Angstroms and a surface area about 200 m/gram. 
By “hydroconversion" is meant hydrocracking, hydro 
fining, hydrogenation and dehydrogenation process. 
When the catalyst includes a matrix comprising a sili 

ca-alumina gel, the catalyst may advantageously com 
60 
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prise titanium, zirconium, thorium, or hafnium, or any 
combination thereof, in the form of metals, oxides, sul 
fides, or any combination thereof, in an amount of 1 to 
10 weight percent, preferably 5 to 9 weight percent, of 
said matrix, calculated as metal. Titanium, preferably 
in the form of titania, is preferred. 
The catalytically active metal component may be se 

lected from Group VI-B or Group VIII, or may be com 
prised of mixtures from both Group VI-B and Group 
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VIII, as well as being combined with promoters from 
Group IV. The Group VIII component may be, for ex 
ample, nickel, cobalt, platinum or palladium, in the 
form of the metal, oxide, sulfide, or any combination 
thereof. When the catalyst does not include a matrix 
comprising a silica-alumina gel, the Group VIII compo 
nent may be present in the catalyst in an amount of 
from 0.4 to 15 weight percent, calculated as metal, and 
based on the LTCM component. 
The Group VI-B component, when present either by 

itself or in combination with a Group VIII component, 
may comprise tungsten, molybdenum, and/or chro 
mium. 
When the catalyst includes a matrix comprising a sili 

ca-alumina gel, a Group VI-B component may be pres 
ent in the catalyst in an amount of from 0.01 to 15 
weight percent, preferably 0.01 to 10 weight percent, 
calculated as metal and based on the matrix. When the 
catalyst comprises a mixture of Group VI-B and Group 
VIII components such as nickel or cobalt with molyb 
denum or tungsten, the combined weight of the Group 
VI-B and Group VIII components, calculated as metal 
and based on the matrix, will generally be in the range 
of from 5 to 20 weight percent. When platinum or pal 
ladium or compounds thereof are used in the hydro 
conversion catalyst discussed herein, the amounts 
thereof will generally be less than when nickel or cobalt 
or compounds thereof are used. 
The hydroconversion catalyst discussed herein may 

advantageously contain a Group IV-A component, i.e., 
tin, germanium, or lead, or compounds thereof, as pro 
moters, particularly when the catalyst also contains 
nickel or a compound thereof, regardless of whether 
the catalyst includes a matrix comprising a silica 
alumina gel. The Group IV-A component may be pres 
ent in an amount of 0.5 to 30 weight percent, prefera 
bly 2 to 15 weight percent, based on the catalyst and 
calculated as metal, when the catalyst includes a matrix 
comprising a silica-alumina gel. When the catalyst does 
not include a matrix comprising a silica-alumina gel, a 
Group IV-A metal or compound thereof may be pres 
ent in an amount of 0.2 to 15 weight percent, based on 
the catalyst and calculated as metal. When the hydro 
conversion catalyst includes a matrix comprising a sili 
ca-alumina gel, the LTCM will generally be present in 
an amount of from i to 60 weight percent of the cata 
lyst. 
The hydroconversion catalysts of the present inven 

tion can be prepared by conventional techniques well 
known in the art. For example, the hydrogenating com 
ponent can be added by well-known impregnation 
techniques, by precipitation onto the LTCM, by ion ex 
change, and the like. See U.S. Pat. No. 3,535,228. 
The LTCM component becomes dehydrated during 

drying and calcining of the catalyst, and it is this dehy 
drated form of the LTCM which constitutes a part of 
the hydroconversion catalyst. 
Calcination of the hydroconversion catalysts will be 

carried out at a temperature in the range of from about 
800° to 1400°F., preferably 900 to 1 100°F. 
The hydroconversion process of the present inven 

tion using the hydroconversion catalysts disclosed 
herein will be carried out using conventional hydrocon 
version conditions. These include for hydrocracking, 
hydrofining and hydrogenation a temperature in the 
range 400 to 950°F., preferably 500 to 850°F., a pres 
sure in the range 800 to 3500 psig, preferably 1000 to 
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6 
3000 psig, a liquid hourly space velocity in the range 
0.1 to 5.0, preferably 0.5 to 5.0, and more preferably 
0.5 to 3.0. The total hydrogen supply rate (makeup and 
recycle hydrogen) will be 200 to 20,000 SCF, prefera 
bly 2000 to 20,000 SCF, of hydrogen per barrel of 
feedstock. For dehydrogenation, temperatures of from 
900 to 950°F. are preferably used, together with low 
pressures in the range of 100 to 200 psig. 
Hydroconversion Feedstocks 
When the layered clay-like mineral is used as one of 

the components of a hydroconversion composite cata 
lyst, the feedstocks supplied to the hydroconversion 
Zone may be selected from a broad class of feedstocks. 
These include petroleum distillates, solvent 
deasphalted petroleum residua, shale oils and coal tar 
distillates. The feedstocks contain substantial amounts 
of materials boiling above 200°F., preferably substan 
tial amounts of materials boiling in the range 350° to 
950°F., and more preferably in the range 400° to 900°F. 
Suitable feedstocks include those heavy distillates nor 
mally defined as heavy straight-run gas oils and heavy 
cracked cycle oils, as well as conventional FCC feed 
and portions thereof. Cracked stocks may be obtained 
from thermal catalytic cracking of various stocks, in 
cluding those obtained from petroleum gilsonite and 
shale and coal tar. 
While the process of the present invention can be 

practiced when supplying to the hydroconversion zone 
hydrocarbon feeds containing relatively large quanti 
ties of organic nitrogen and sulfur, it is preferred that 
the organic nitrogen content be less than 1000 ppm. 
The preferred range is 0.5 to 1000 ppm., more prefera 
bly 0.5 to 100 ppm. The sulfur content of the feedstock 
should also preferably be maintained at a relatively low 
level of from 0 to 3 weight percent, preferably 0 to 1 
weight percent. 
Catalytic Cracking Catalysts 
When the layered clay-like minerals having the em 

pirical formula set forth above are utilized as catalytic 
cracking catalysts either alone or in combination with 
zeolites and/or amorphousinorganic oxide components 
such as silica, alumina, silica-alumina, and silica 
alumina-magnesia, said layered clay-like minerals are 
dehydrated to remove water, and it is the dehydrated 
materials which constitute the cracking catalysts of the 
present invention. 
Dehydration of the LTCM of the present invention 

can be most easily accomplished by calcination. Such 
calcination is carried out at a temperature in the range 
of from 800 to 1400°F. Preferably a temperature in the 
range of from 900 to 1 100°F. is used. The calcination 
may be effected under vacuum or with the use of an 
inert purge gas such as nitrogen or with the use of a 
purge gas such as air. Alternatively, the hydrated 
LTCM of the present invention can be employed di 
rectly in high-temperature cracking processes without 
prior dehydration, with the dehydration occurring in 
situ. However, it is preferred that dehydration be car 
ried out prior to the initiation of the cracking process. 
The composite catalytic cracking catalysts of this in 

vention which utilize LTCM may be provided by a vari 
ety of procedures and utilize a variety of components. 
U.S. Pat. No. 3, 140,253, at Cols. 9 and 10, describes . 
the combination of zeolites with a variety of porous ma 
trix materials, including clays. In a similar manner, 
LTCM may be combined, dispersed or otherwise inti 
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mately admixed with zeolites and/or porous matrix ma 
terials such as clays, amorphous inorganic oxide com 
ponents, and the like. 
A particularly preferred mineral composition of this 

invention for use as a catalytic cracking catalyst or as 
one component thereof is the mineral composition of 
the formula 

MgO : sSiO, a Al2O3 bAB : xH2O 
wherein the nomenclature and proportions are as gen 
erally defined above under "Summary of the Inven 
tion,' but with A limited to cations which upon calcina 
tion give a product in the hydrogen form and wherein 
B is at least, in part, fluoride (present in sufficient 
amount to give a weight percent fluoride after calcina 
tion of 1 to 3%, preferably 2%). 
Catalytic cracking processes of the present invention 

are carried out under conditions which are known in 
the art. Generally, the temperature will be in the range 
of from 600 to 1 100°F., preferably in the range of from 
800 to 975°F., more preferably from about 900 to 
950°F. The pressure will be in the range of from about 
l to 200 psig, preferably 10 to 30 psig, and the liquid 
hourly space velocity ranging from 0.5 to 100 or even 
higher, at a conversion rate of from 30 to 85%, prefera 
bly 40 to 85%. 
Hydrocarbon feedstocks fed to the catalytic cracking 

zone will in general have boiling ranges above about 
400°F., for example gas oils, cycle stocks, naphthas and 
the usual charge stocks, particularly those used for pro 
ducing gasoline. 

EXAMPLES 
The present invention will be better understood with 

reference to the following examples, which are offered 
by way of illustration and not by way of limitation. 
Example 1 
A slurry consisting of 22.4 grams of aluminum trihy 

drate powder and 99.9 grams of magnesium hydroxide 
powder (31.7 wt.% volatiles) was dispersed in an aque 
ous solution consisting of 18.1 ml. of concentrated am 
monium hydroxide (30 wt.% NH) dissolved in 1492 
ml. of distilled water. The slurry was homogenized in a 
high-speed mixer. 393.7 grams of an aqueous silica sol 
(30.1 wt.% SiO) was blended into the slurry with stir 
ring. The pH was adjusted to 9.9 with concentrated am 
monium hydroxide and stirring continued for 30 min 
utes. The total slurry composition consisted of 10 
weight percent of solids having the composition ex 
pressed as mol ratios of oxides to magnesia correspond 
ing to 0.08 (NH)O : MgO : 0.08 AlO3: 1. 166 SiO, 
: H.O. The slurry was transferred to a one-gallon 
stainless steel autoclave fitted with a paddle stirrer and 
cooling coil. After sealing the vessel, the material was 
heated approximately 4°F./minute from 200 F. to 
640°F. while stirring at 200 RPM. The slurry was held 
4 hours at 640°F, and 2050 psig before rapidly cooling 
to ambient temperature. The final pH of the slurry was 
9.3. The slurry was evaporated to dryness at 150°F. on 
stainless steel trays in a circulating air oven and was 
then dried overnight (about 16 hours) at 194°F. at 20 
inches vacuum (mercury) with a slow nitrogen purge. 
Product yield was 209 grams (expected yield 201 

grams on an anhydrous basis). The dry cake was 
crushed and ground to pass 100 mesh and redried at 
194°F. overnight at 20 inches vacuum (mercury). Loss 
of ignition at 950°F. was 3.81 weight percent. Skeletal 
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8 
density of the product was 2.625 grams/cc. The compo 
sition of the ignited product was determined by elec 
tron microprobe analysis and compared with expected 
values: 

Calculated (wt.%) Found (wt.%) 

MgO 33.9 32.8 
AlO 7. 5.7 
SiO, 58.9 55.() 

X-ray diffraction analysis of the dried powder indi 
cated a clay structure of the saponite type. The basal 
reflection of air-dried oriented films and glycol-treated 
oriented flims was doi = 1 1.5-14.0 A. for the former 
and dot = 18 A. for the latter, indicating an expandable 
layer-lattice structure. The doshk reflection in the dif 
fraction pattern occured at 60.728, corresponding to 
d = 1.52 A. for a saponite clay. The nitrogen BET sur 
face area of the powder after air calcination for 4 hours 
at 400°F. in air followed by 5 hours at 950°F. in air was 
202 m?g, and the dodecane pore volume was 0.264 
cc/g. 
Example 2 
A slurry of 44.33 grams of aluminum trihydrate and 

99.05 grams of magnesium hydroxide dispersed in an 
aqueous solution consisting of 8.24 grams ammonium 
fluoride and 37.0 cc. of concentrated ammonium hy 
droxide dissolved in 1707 cc. of distilled water was pre 
pared, using a colloid mill to homogenize the mixture. 
To the slurry was added 334.8 grams of an aqueous sil 
ica sol (30.1 wt.% SiO,) with continued stirring. The 
pH was adjusted to 9.9 with concentrated ammonium 
hydroxide. The slurry consisted of 10 weight percent 
solids of composition (expressed as mole ratios of ox 
ides to MgO) corresponding to 0.166 (NH)O: 0.126 
NHF : MgO : 0.166 AlO. : SiO, : 0.207 HO. The 
slurry was autoclaved for one hour at 640°F, and 2050 
psig while stirring at 200 RPM. The pH of the final 
slurry was 9.9. The product workup was identical to 
that described in Example 1. Product yield was 165 
grams. The loss on ignition at 950°F. was 7.38 wt.%. 
The composition of the product was determined by 
electron microprobe analysis and compared with the 
calculated composition: 

Calculated (wt.%) Found (wt.%) 

MgO 33.7 334 
AlO 14.2 4.6 
SiO, 50.2 50.8 
F 2.0 2.0 

The BET nitrogen surface area after calcination for 
5 hours at 950F. was 146 m/g. and the dodecane pore 
volume was 0.32 cc./g. X-ray diffraction analysis indi 
cated a clay structure of the saponite type. 
Example 3 
The product obtained from Example 2 was passed 

through a pulverizer (micronizer) to further reduce the 
crystalline size to micron dimensions. The powder was 
impregnated with water using an immiscible solvent 
displacement technique described by Tauser, J. Cataly 
sis 18, 358 (1970). 108 grams of dried saponite clay 
powder was dispersed in 500 cc. of n-heptane using a 
homogenizer. A volume of water corresponding to 0.7 
cc. H2O/gram clay was slowly titrated into the heptane 
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clay dispersion. A light but pasty mass resulted. Hep 
tane was removed by filtration and the residual mass 
resulted, Heptane was removed by filtration and the re 
sidual mass extruded through a 1/16 inch die in two 
passes at 2000 and 5000 tons pressure, respectively. 
The extruded mass was dried overnight at 194°F. at 20 
inches vacuum (mercury) with a slow nitrogen purge to 
remove excess heptane, then calcined 4 hours at 400°F. 
in air and 5 hours at 950F. in air to obtain a strong cat 
alyst extrudate. The surface area of the extrudate was 
found to be 146 m?g, and the dodecane pore volume 
0.318 cc./g. The sample was divided and half was given 
a steam treatment consisting of 6 hours at 1400°F. in 
100% steam atmosphere. 
Example 4 
The steam-treated catalyst of Example 3 was tested 

for catalytic cracking ability using the procedure out 

10 

5 

lined below. A 625°-900°F. gas oil cut prepared by dis 
tillation from a Pascagoula gas oil of wider boiling 
range and having a feed gravity of 24, l'API was con 
tacted with the catalyst of Example 3. The reaction was 
carried out at a temperature of 925F., at substantially 
atmospheric pressure, and at a weight hourly space ve 
locity of 3.72. The catalyst had a particle size range 
from 28 to 60 mesh. The catalyst/oil ratio was 3.23:1. 

The product had the distribution set forth in Table I 
below. A total conversion to materials boiling below 
430F. of 34.15% was obtained. 

TABLE I 

Product Yields, Wt.% 

Coke 2.04 
H 0.38 
C 0.21 

* C+C, 0.95 
** C. Gas 54 

C. 0.45 
* C. 123 1.68 

Total C's 68 
iC 0.28 
nC ().20 

* C, 87 
Total C's 2.35 
C-430°F. gasoline 26.54 
43 ()-625°F. LCO 1937 

The symbols C, C, and C. mean unsaturated hydrocarbons having two, three 
and four carbon atoms respectively, e.g., ethylene, propylene and 1-butene. 
**The symbol C, means materials having two carhon atoms or less, plush 

As can be seen from Table I, the C, C, and coke 50. 
represented only about 15% of the converted material. 

Example 5 
A sample of synthetic clay, prepared according to the 

procedure of the present invention and having a clay 
structure of the saponite type and the composition 
shown in the table of Example 2 is impregnated with an 
aqueous solution of palladium tetraamine dinitrate to 
give a metals loading of 0.5 wt.% Pd, using the immisci 
ble solvent displacement technique described by 
Tauser, supra. The impregnated clay is extruded, dried 
and calcined (4 hours at 400F. in air and 5 hours at 
950F. in air. 
Example 6 
The catalyst of Example 5 is evaluated for hydro 

cracking using a denitrified Mid-Continent gas oil 
which has the following inspections: 
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AP 33.3 
Aniline point, F. 77.6 
Nitrogen, ppm ().2 
PNA, mass spec. 16.5 

68.7 
4.8 

D-1160 Distillation, F. 
10/50/90%, Atmos. press. 5151666/762 

Test conditions are: extinction recycle below 400°F. 
recycle cut point, 60% per-pass conversion, 1300 psig 
total pressure, and 5600 SCF/bbl. recycle gas rate. 
The catalyst gives a low yield of undesirable C 

products and a good yield of Cs-products. The octane 
number of the light gasoline component is better than 
that obtained with some prior art hydrocracking cata 
lysts. 

It is apparent that many widely different embodi 
ments of this invention may be made without departing 
from the scope and spirit thereof; and, therefore, it is 
not intended to be limited except as indicated in the ap 
pended claims. 
What is claimed is: 
1. A layer-type, trioctahedral, clay-like mineral hav 

ing the empirical formula 
MgO sSiO, : aAl2O3 bAB : xHO 

wherein the layer-lattice structure is composed of said 
silica, said alumina, said magnesia, said A and B, and 
wherein 
s is from 0.66 to 1.33, 
a is 0 <a s 0.333, 
b is 0 <b s 0.333, 
A is one equivalent of an exchangeable cation having 
a valence of 3 or less and is external to the layers 
of the framework or at the edges or between suc 
cessive layers of the structure, 

B is chosen from the group of negative ions consisting 
of F, OH, /2O and mixtures thereof, and is in 
ternal or at the edges and surfaces of the layers of 
the framework structure, and 

x is from 2 to 3.5 at 50% relative humidity, 
said mineral being characterized by a door spacing at 
said humidity within the range which extends from a 
lower limit of about 10 Angstroms to an upper limit of 
about 15 Angstroms when A is monovalent and an 
upper limit of 18 Angstroms when A is divalent or tri 
valent, with intermediate values possible when A is a 
mixture of monovalent, divalent and trivalent cations, 
and a dos spacing at said humidity in the range of from 
1.5335 to 1.5176 Angstroms by X-ray diffraction analy 
S1S. 

2. The mineral of claim where 1.0 s s is 1.33, 0 
<a is 0.166, and 0 <b is 0.166, A is NH and B is a 
mixture of F and OH. 3. A mineral in accordance with claim 1 wherein A 
is chosen from the group consisting of H*, NH, Na', 
K", "4 Mg'', 4 Batt, 4 Sr**, and %. Alt', and mix 
tures thereof. 

4. The mineral of claim 1 wherein A is a cation that 
may be readily converted into the hydrogen form upon 
calcination. 

5. The mineral of claim 1 wherein A is NH, B is at 
least in part F., and calcination gives a product consist 
ing essentially of the product of claim 1 in the hydrogen 
form, whereins = 1, 166 a = 0.08, and said mineral hav 
ing after calcination a fluoride content of from 1 to 3 
weight percent. 
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6. A catalytic cracking catalyst comprising dehy 
drated, calcined, layer-type, trioctahedral, clay-like 
mineral having prior to dehydration and calcining of 
said catalyst the empirical formula 

MgO : sSiO. : aal.O. : baB : xHO 
wherein the layer-lattice structure is composed of said 
silica, said alumina, said magnesia, said A and said B, 
and wherein 

s is from 0.66 to 1.33, 
a is 0 <as 0.333, 
b is 0 <bs 0.333, 
A is one equivalent of an exchangeable cation having 
a valence of 3 or less and is external to the layers 
of the framework or at the edges or between suc 
cessive layers of the structure, 

B is chosen from the group of negative ions consisting 
of F, OH, y2 O and mixtures thereof, and is in 
ternal or at the edges and surfaces of the layers of 
the framework structure, and 

x is from 2 to 3.5 at 50% relative humidity, 
said mineral being characterized by a doo spacing at 
said humidity within the range which extends from a 
lower limit of about 10 Angstroms to an upper limit of 
about 15 Angstroms when A is monovalent and an 
upper limit of 18 Angstroms when A is divalent or tri 
valent, with intermediate values possible when A is a 
mixture of monovalent, divalent and trivalent cations, 
and a dog spacing at said humidity in the range of from 
1.5335 to 1.5176 Angstroms by x-ray diffraction analy 
SS. 

7. The catalytic cracking catalyst of claim 6 wherein 
said dehydrated mineral is composited with an amor 
phous inorganic oxide. 

8. The catalytic cracking catalyst of claim 6 wherein 
said dehydrated mineral is composited with a zeolite. 

9. A catalyst composite comprising: 
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A. a layer-type, trioctahedral, clay-like mineral hav 
ing prior to dehydration and calcining of said cata 
lyst the empirical formula 

MgO : sSiO, aAlO bAB , xHO 
wherein the layer-lattice structure is composed of said 
silica, said alumina, said magnesia, said A and said B, 
and wherein 

s is from 0.66 to 1.33, 
a is 0 <a s 0.333, 
b is 0 <b s 0.333, 
A is one equivalent of an exchangeable cation having 
a valence of 3 or less and is external to the layers 
of the framework or at the edges or between suc 
cessive layers of the structure, 

B is chosen from the group of negative ions consisting 
of F, OH, 2 O and mixtures thereof, and is in 
ternal or at the edges and surfaces of the layers of 
the framework structure, and 

x is from 2 to 3.5 at 50% relative humidity, 
said mineral being characterized by a door spacing at 
said humidity within the range which extends from a 
lower limit of about 10 Angstroms to an upper limit of 
about 15 Angstroms when A is monovalent and an 
upper limit of 18 Angstroms when A is divalent or tri 
valent, with intermediate values possible when A is a 
mixture of monovalent, divalent and trivalent cations, 
and a dos spacing at said humidity in the range of from 
1.5335 to 1.5176 Angstroms by x-ray diffraction analy 
sis; and 

B. at least one hydrogenation component. 
10. The catalyst of claim 9 wherein said hydrogena 

tion component is a Group VIB or Group VIII metal, 
oxide, sulfide, or any combination thereof. 

11. The catalyst of claim 10 wherein said hydrogena 
tion component is palladium. 

sk k k k k 


